Abstract. The experimental method of reflected caustics has been used to study the influence of the geometry of an edge-cracked plate on stress intensity factors K1 and KIT. This influence was determined for various values of the ratio, . /W, of the crack length to the width of the specimen. The influence of the geometry of the specimens on the form and orientation of the caustic was studied in relation to,the orientation of the edge crack. The complex stress intensity factor K = K, -iKII was evaluated in terms of the angle Q: of the angular displacement of the caustic axis. The values of the stress intensity factors K1 and K11 were compared with the respective theoretical values of stress intensity factors. From this comparison, correction factors are derived and nomograms given in terms of the angle W of inclination of the crack.
Introduction
An analysis of the determination of stress intensity factors K1 and KII for the case of finite edge-cracked plates, loaded in tension, has been presented by Bowie and Neal (1965) , Anderson (1969) and Bowie (1973) ; use was made in this theoretical analysis of the conformal mapping technique. Bowie (1973) gave nomograms of the stress intensity factors KI and KII for various values of the ratio, a/w, of crack length to width of the specimen.
In our experimental studies the optical method of reflected caustics was used for the determination of stress intensity factors KI and KII and of the influence of the geometry of the specimen (Theocaris 1970, Theocaris and Gdoutos 1972) .
The relationship between caustics and the law of reflection and catastrophe theory is given by Theocaris and Michopoulos (1982) , which contains an extensive bibliography including the most important contributions of this general theory to problems of instabilities and bifurcations. In this paper it was further shown that for a reflector described by a smooth singular function, this function may be considered as a catastrophe map with a universal unfolding, having a bifurcation set, whose projection in R3 is a linear transformation of a surface visualised by the caustic surface, created from reflections of a light beam on the surface of the reflector. This caustic surface is a complete visualisation of the catastrophe set of the respective map in the case where the co-dimension of the map is r = 3. This is due to the coincidence of the dimensions of the physical space of observation and the control space of the catastrophe map. In this case it has been shown that the created catastrophe map corresponds to one of the first six elementary catastrophes according to Thom's classification theorem. Experimental evidence in two simple cases of reflectors corroborated the results with the theory. The geometry of the specimen influences the form, the size and the orientation of the caustics. The stress intensity factors K1 and were determined from the size and the angular displacement of the caustics and they are then compared with their respective theoretical values. Nomograms of correction factors for the theoretical values of K1 and KII are given in terms of the crack inclination angle o for parametric values of the ratio, a/w, of the crack length to the width of the specimen.
The optical method of reflected caustics
The experimental arrangement of the method is simple and well known (Theocaris 1981) . A convergent, or divergent, light beam impinges on the specimen in the close vicinity of the crack tip and the reflected rays are received on a reference plane, parallel to the plane of the specimen. These rays, due to the thickness and refractive index variations in the region close to the crack tip, are reflected in a dispersive way. Some of these rays are concentrated along a strongly illuminated curve on the reference plane, which is placed at some distance zo from t t e specimen. This is called a caustic, and is shown in figure 1 . 
are given by (Theocaris 1981): and z, is the distance between the focus of the light source and the middle plane of the plate. The positive sign is valid for real images, and the negative one for virtual images, and ro expresses the radius of the generatrix curve (initial curve). The equation for ro is given by zeroing the Jacobian determinant
of the transformation due to reflection of the family of the impinging light rays:
with In relation ( 5 ) the quantity E takes either the value E = 2 for reflected rays from the rear face of the cracked plates, or the value E = 1 for rays reflected from the front face, d is the thickness of the plate, and c,,f are global constants, including the optical constants of the material, as well as its mechanical properties (Raftopoulos er a1 1976) . Subscripts corresponding to reflected rays are designated by r for reflections from the rear and by f for reflections from the front face of the plate. The constant cfis simple; it depends only on the mechanical properties of the plate and is given by
where vis Poisson's ratio and E the elastic modulus of the material.
is given by:
The angular displacement of the caustics for oblique central cracks in infinite plates
where W is the crack inclination angle (figure 1). For oblique edge cracks the angular displacement Q, is given by:
The stress intensity factors KI and KII are given by:
with functions of 6 and W , dt,r(.9, W ) , which give the positions where the transverse and longitudinal diameters of the caustic Dt.l can be respectively determined. The positions of the maximum diameters of the caustic D r y are given for =3.17 and Finax =3.00 (Theocaris and Papadopoulos 1980) , along the axis 0y1 and 0x1 respectively (figure 1). The 0x1 axis is the axis of symmetry of the caustic which may be defined by tracing the common tangent to the cusp-shaped internal caustic and drawing the normal at the mid-point of this common tangent as shown in figure 1. The angle between the axes Ox and 0x1 is the angular displacement, 9, of the caustic.
In the elastic region of deformation the ratio of diameters of the caustic remains constant and is D,""/Df"" = &""/Sf"" = 1.057.
So, as the applied stress increases the caustic increases and remains self-similar for the whole elastic region of deformation. Then, the stress intensity factors KI and KII are determined by this variation of the caustic. When the value of the factor KI reaches the critical value, KIcr, of crack propagation, the shape of the caustic changes because elasticity no longer dominates the stress field around the crack tip. Then, the ratio of its diameters becomes other than 1.057. In this measurement the deformation passes from a purely elastic to an elastic-plastic mode. In this region KIcr can be approximately calculated by the caustic and the size of the plastic zone in front of the crack tip (Theocaris and Gdoutos 1974a)'by using the simple Dugdale-Barenblatt model or its modified version (Theocaris and Gdoutos 1974b) .
Comparison of the theoretical and experimental KI and Kn SIF
For a thin elastic and isotropic plate, containing a slant central crack of length 2 a and submitted to a uniaxial tension at infinity, under plane-stress conditions, the stress intensity factors K1 and K11 are given by the relations:
while, for a slant edge crack, relations (11) and (12) become:
wherefI andfII are nondimensional quantities which are dependent on the geometry of the specimen and the crack length, and W denotes the crack inclination angle.
If the stress intensity factors K1 and KII are experimentally determined by using relations (9) and (10) and data from the caustics, then relations (13) and (14) yield:
Relations (17) and (18) give the nondimensional quantities depending on the
Relations (16) and (18), by introducing relations (9) and (lo), yield:
geometry of the specimen, the crack length and the crack inclination angle, o.
The nondimensional quantities give the ratio of experimental values of stress intensity factors KI and KII to their theoretical values. The experimental values are calculated from the caustic, while the theoretical values are calculated from the mathematical theory of elasticity.
Experimental procedure
The method of caustics has been applied to a thin plate containing an edge crack with angle of inclination W (figure 1) and subjected to a uniaxial load at infinity. The material of the plate was PMMA (Perspex) with v = 0.34 and E = 2610 MN m-2; its optical constant was c, = -2.02 x 10-l' m2 N" (Theocaris 1973 
Results and discussion
The influence of the geometry of the specimen and the crack inclination angle, W , on the size and the angular displacement q~ of the caustics is strong, as may be seen in figure 2.
For an edge crack the angle, cp, of inclination of the caustic is smaller than the respective angle for a central crack. The variation of the angle ( -v) versus the angle W , for various ratios a/w of the dimensions of the cracked plates and for the ratio, h/w, of free length of specimen to its width is presented in figure 4 . As may be seen in this figure, an increase of the ratio a/w results in a corresponding derived from figure 5 that, as the angle o increases KI decreases and tends to zero for W = 90". Also, as the ratio a / w increases the K1 values increase. On the other hand, it can be derived from figure 7 that the K11 values increase rapidly from zero, for W = 0", to a maximum appearing in the region 30" < W < 55". This is followed by a decrease of this factor, to zero for CO = 90". Also, as the ratio a/w increases the stress intensity factor KII increases.
In figures 8 and 9 the influence of the geometry of the specimen and the crack length on the values of KI and KII stress intensity factors is presented. In these figures thefI and fI1 nondimensional quantities are given as the values of the stress intensity factors special geometries of the specimens, normalised to their theoretical values for infinite plates. It may be seen from figure 8 that, as the angle oincreases the KI factor increases weakly in the region 0" < W < 60", followed by a rapid increase for o > 60". Figure 9 indicates that the KII factor increases rapidly for W close to 0", followed by a decrease for values of the angle o up to 60", and then with a rapid increase for U > 60".
Finally, figure 10 presents the variation of the ratio of stress intensity factors K I~/ KI = tan(q/2), versus the crack inclination angle U , for ratios a/w = 0.1, 0.2, 0.3, 0.5 and h/w = 2.0, for the cases of an edge crack and a central crack respectively. It may be seen from this figure that, as the angle W increases, the ratio increases and as the ratio ./W increases, the ratio KII/K1 decreases. These values of the ratio K1l/KI for edge cracks always remained smaller than the respective values for central cracks.
